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The soriousness of wcter po l lu t ion  by ac id  drainage f ron  coa l  i:~ines i s  highlighted by 
the  follo,i inc f igures :  I n  Appzlachia(1) during 1965, more than 6,000 tons of a c i d i t y  
pcr day were discharczd f ron  ac t ive  and inac t ivc  pines,  po l lu t ing  more than 10,000 
miles of streams. 

I n  1962, an au tho r i t a t ive  report ,  "Acid 1 .he  Drainage"(2) w a s  issued by the  Comit tee  
of Public 'ilorks o f  t he  U .  S .  House of Representatives. Rccogni.zing the  extent of the  
problem, t h e  report  pointed out t h a t  el.imination of t h i s  forr.1 of po l lu t ion  would re- 
s t o r e  vast  quan t i t i e s  of water f o r  nunicipal and i n d u s t r i a l  use, propagation of f i s h ,  
aqua t ic  l i f e ,  m d  wildl.ife, r ec rea t iona l  purposes, and o ther  uses. 
out t h a t  fiioA. of thc  various mcthods dcveloped t o  aba te  ac id  minz drainage hod been 
abandoned bcccuse of high cos ts  and technica l  f a i l u r e  i n  f i e l d  appl ica t icns ,  the 
CorrurLittee concluded t h a t  nine sea l ing  was the  most; proxising mcthod. 

The report  recormndzd (1) a sea l ing  program di rec ted  a t  sea l ing  abandoned nine s h a f t s  
and o ther  drainagi. openings, (2) a stepped-up research program by federa l ,  s t a t e ,  and 
i n t e r s t a t e  organizations t o  develop other N;OirSUI'SS, and (3) a stream and ac id  f l o w  
regulation progra!  t o  be employed n!iere scaling or  o ther  methods a r e  unable t o  su f f i -  
c i en t ly  reduco the  ac id  ccntent of t he  stream to mset water qua l i ty  requirements for 
a l l  lcg i t imate  p u r p s e s .  

The report  also ca l l ed  f o r  a demonstration program t o  evaluate rxine sea l ing  proce- 
dures 2nd results, s u a e s t i n g  t h a t  t he  work be done i n  "three appropriate mte r sheds  
con ta inhg  be tmen 50 and 100 abandmed coa l  mines each from which ac id  water is riGW 
dre5ning.I' 
in 1964. 

The uork was t o  be wider t he  d i r ec t ion  of t h e  Water Supply apd Pollution Control 
Progrm of thc  Departnant of Health, Education, and Wclfayc, t he  forerunner of t h s  
Federal Water Pollution Control AdTLnistration which l a t e r  was t ransfer red  t o  the  
U. S. Depr tnent  of t he  I n t s r i o r .  
of ISnes, U. S .  Ccological Survey, U. S. Bureau of S2ort F isher ies  w.d Wildlife(2),  
and klest Virginia aeencies i n  charge of pining, water p01lut,ion, and reclamation. 

I n  Yirch 1964, the  f i r s t  derons t ra t ion  pro jec t  s i t e  was s s l ec t ed  in the  Roaring Creek- 
Grassy Run watershed ncar EYtjns, West Virginia.  
mine (3,OXl acres)  and a n u b e r  of srpaller underground mines which had bcen exten- 
s i v e u  s t r i p  mir,ed along t h e  ovt-crop. 
it into the underground rxirle, which i n  tu rn  fliishcd isore r.Cne drainage f ron  the  under- 
grounc! >:orki:ngs. 
Tygart River. 

The dcnscstration pro jcc t  WG c a r r i x l  6 C L  i n  t!ircc I J ~ ~ S X :  (1) site, (2) nine seal- 
ing, regradjng, and revegetation, and ( 3 )  
Xerch, 1964 end coq:Jx:tcd i n  July, l'lh6, b r a s  devoted t o  \Eater cpuality surveillarice 
(F\ . lrCP.);  strew gaging (USCS) : surfocc irqJpingl invofit i&ation of mine conditions, and 
design control aeasures and r ec l a ra t ion  planning (USBX); s c c u r b g  land perrr;its (w. va . ) ,  

After. pointinz 

Funds f o r  the  demonstration grant,  $5 mi l l ion ,  were authorized by Conzxcs 

Cther p r t i c i p a t i n g  agmcies  were the  U. S. Bureau 

The ar2a.s coiltained one la rge  d r i f t  

The surfact: rain.= inintercepted runoff and d i r ec t ed  

Thasc s t iwmn wcrc coritributining 3.2 tc.ns per day of a c i d i t y  t o  t h e  
Chenical charactei . iFtics of t he  two s t r e a w  a re  presented i n  Table I. 

pro jec t  evalvation. Phase 1, begun i r l  
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and award thc  cunstrl;ction contract  (17JPCA, U5X). Scnl.ing of the &ics and concurrent 
r ec l a ix t ion  neasures (?r:.ase 2 )  w x e  bcEun in J u l y  1.9% m d  ccxpletcd i n  Scptcnbcr 1967. 
Disturbed tiroas were vegct.atcd i n  the  spriiip of' 1968. .Phzsc 3 ,  evaluation of tho cffec- 
t i venes r  of nine sea l ing  and r e c l a m t i o n  masuros  is ccmtinui nc,. 

Tablc I 
khter  Qua l i ty  Characterist?..csa 

Roaring Crc& 

PHb 
Acidity,  (Hot), CaC9 
Iron, To ta l  
Iron, Ferroxs 
Su l f a t e  
Hardness, CaC03 
Calcium, CaC0-j 
Aluminum 

2.55 3.3  
656 10.6 110 

- 
1.8 

i i o  1.8 5 0.08 
4 0.G6 1 0.01 

992 16.0 168 2.7 
446 7.2 99 1.6 
293 4.7 76 1.2 
38 0.6 12 0.2 

Spec i f i c  ConductanceC 1,723 
F l d  6 

a - Average values f o r  period Idarch 1961, t o  June 1966 
b - Unit no t  q/l, median value 
c - Units - r?icro.hos per cm 
d - Units - c f s  

The c o n t r o l  neasures planned were as follows: 

1. 

2. 

3.  

4. 

5 .  

A j . r  sea l ine  of t h e  underground v h e :  
t h e  oxidation of py r i t e  and t h e  production of i r o n  and ac id i ty ,  preventing 
oFgen f ron  reaching t h e  p y r i t e  should reduce o r  elirninate ac id  pol lu t ion .  
A n  sea l ing  V.QS t o  be accoinplished by f i l l i n g  a l l  bore holes,  subsidence holes, 
and other a i r  pssages  i n t o  t h e  mine. 
leave t h e  mine, bu t  prevent a i r  from enter ing ,  w r e  t o  be constructed a t  all 
openings discharging water. 

Water diversion: 
from t h e  mining envirormcnt, reducing the  mwnt of mter passing through a 
sur face  o r  underground mine w i l l  reduce the  amount of pol lu t ion .  T o  prevent 
water f ro2  en ter ing  underground irxines, subsidence holes were f i l l e d ,  s t r e a m  
were rechannclcd away from mines, and "dry1', seals, a s o l i d  s e a l  through which 
mtcr could not pass, were constructed in mine po r t a l s .  

Burying of acid-producing s p o i l s  and refuse: 
Contributors t o  pol lu t ion  they vere b u r i d i n  sur face  n ine  p i t s .  

Surface mine reclaaatiori:  Althongh surface mines wcre t o  be regraded prirrarily 
to prevent va tor  froni en t s r inz  t h e  unricrgrouid rAm, recrading a l s o  reduces the  
tirile t h a t  water i s  i n  contact wS.th acid-producj.ng m t c r i a l  i n  the  surface nine 
itself. Curing regrading a t t e r q k s  xe re  m d c  t o  bury the  highly ac id  material. 

Revegetation: 
s t a b l i z c  the backf i l l s .  

Since owgen was f e l t  t o  be necessary f o r  
, 

Wzt" mine sea l s ,  which allow wzter t o  

Since i n t e r  is t h e  t r anspor t  media f o r  carrying ac id  and iron 

Since these raterials werc major 

A l l  disturbed a r e a s  were revcgetated t o  prevent erosion and 
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' Bo;,]: I:)pt I: a.c,r).ll seals \:LT.;: coi:struc~.cti f1.o;~ concrctc bloc!: snci C J C L C ~  w.i L!I \ u:.cti4znc' f o x  on b h h  sici.2:; t o  protect  thc  b i d <  frc!;. kcid attac:i. 
~ W:?S t j r : : ? \c : rd  021 LI~.:,II c:itlc; cr :.I12 seal. in or.ci.c:r t o  ~ ; c c : ~ J  t h e  w3ii;iiL of t.hs i u o f  off 

', t h e  seal .  
one m X 1  w::s s o l i d  c.xc~:pl. I! lnt tw blocks rrora rc:.;oied f'i*ci;:i tht;  botto:n, tlic iiiricr '' 

i ii:,.s 5 f c c t  I"ro;: th; sca1 anti 22 fect high. ' 
'$ his!:rmll VICS badly f rac tured  a i d  timp r i n c  workiii~:; l ay  bi?hi.nd Llic w.1.1. 

\ underground i?f.nc iiorkirigz. 

Three types of b a c k f i l l s  wcrc used on t h e  surface 1IthC:j - contour, p-.stur.c, and / ,srsalloi+tail. For a contux- b a c k f i l l ,  thc  snail. was gradcd back t o  ;:s clone as 
'; possible  t o  the  o r i g i n r l  co;itol.!r of t h c  land. Usually t h e  top  of the  highwall was 

pushed do:n t o  cosiplctc t h e  b a c k f i l l .  
1 s p o i l  was graded t o  for;;, a small slopc avay froxi t h e  highwall aid thc h ighxal l  %AS 

l e f t  stznding. Thc p i s t u r c  type b z c k f i l l  was used vii-~n t h e  hj.ghm11 vias sound. 
Thc s:~:allox-tail b a c k f i l l  was sini.hr t o  t h c  pasture b x k f i l l  exccpt t h a t  in t h e  1 swzllov:-tail, a w t c m a y  \.:as constructed parall.cd t o  the  h i g h a l l .  The wtc i -my  w a s  

j\ loc,ztcd nwny fro::: t h c  hightiall  and f i n i a l  cut .  Whcrc possible,  s o i l  lo?: i n  a c i d i t y  

\ acid production. l h s t  of t h e  subsidence holes within 100 f e e t  of t h e  h i g h w l l  wore 

Thz ti?iric o;JL.nitig 

Ury sr.;:Xs w z r ~  co:::im:;:.d of 011.;: ~:c11., \;:i<.le' { . i t<> \;ct sl ;als h:ixi tiircc v;:*tlls; 

~ . l l  was C ~ ~ > ~ I ~ O A . ~ : ~ i t . C ~ :  1% fect. fro:11 t h e  scal  and 2; f c e t  high, a i d  t h o  U L L ~ C I -  ~ ~ 1 1  
T h e  1,zttcr t;io I;.A~IT. for;:!ccl a pool which 

prcvcnted a i r  frwi entcr ing the  ndnc. 

type of s e a l ,  c lay vas co..:Pactcd against thc  highwall t o  3- height  u c l l  above thc  

Clay scals  w r c  uzcd i n  we?.:; tdicl'e thc  
For t h i s  

? 

I n  construct ins  t h e  pasture  b n c k f i l l ,  t he  

was hauled i n  end pl?.ced on t o p  of t h e  bac1:fill t o  f a c i l i t a t e  rcregetat ion and reduce 

f i l l c d  with s o i l  during t h c  backf i l l ing  opcration. 

The  ccnstruction c o i t r a c t  f o r  t h e  reclarmtion work, except revegetat ion and the  
'. f i l l i n z  of subsidence holes  locclted over 100 f c e t  fro,n t h e  highvall, was entered 

i n t o  on June 30, 1966. 
working with abandoned i!lincs, t h c  contract  vias cos.t-plus-fixed-fee. E s t i m t e d  con- 
s t ruc t ion  cost  was $1,61,0,362. L'orlc begun on thc  south half of t h c  ma jo r  rdne  (3,000 
acrcs)  d e a l t  prii.:.xily with water divcrs ion,  surface reclarietion m d  sofie a i r  s c a l i ~ ~ g .  
By ndd-l967, it bccme apparent t h a t  t h e  c o s t  for t h e  e n t i r e  pro jcc t  i rou ld  excecd 
t h e  o r i g i n a l  e s t b n t e s .  k decis ion was  rade t o  co;nplete only t h e  south half  of the  
mine t o  co:iservc funds. KO f u r t h e r  work 1;;~s donc on thc north h a l f .  This  chznge 
i n  plans m-ant t h c t  t h c  m j o r  mine would not b-s a i r  sealed,  hovrevcr, a sinall i so la ted  
mine had been sealed and vias avai lab le  for cvaluation. "inus, t h c  pro jec t  as  cur-' 
t e i l c d  would give i n f o r m t i o n  on t h e  cffcct ivcncss  of water divers ion and surface 
rrsinc r ec lma t ion  on t h e  south ha l f  of thc  m j o r  riLne and t h e  effectivericss of air 
sca l ing  a n d  v;atcr divers ion on a smller r.xLne. 

In  t h c  sp15.n~ of lo$$, approximitc1.y 700 acres  of land dis turbed during r c c l i s ~ t i o i i  

S o i l  smplds worc ta!:cn as a guidc t o  t h e  f e r t i l i z e r  and 1b.e  requirements and f o r  
choosjnz t h c  best; type 'vczciat.ion. Thc ei-itirc r r c a  cas plantcd t o  grnss f o r  quick 
erosion cont ro l  wiich reduced ac id  water dreiriaga. 
c u l t  are2.s t o  2s;ure c s t a b l i s h w n t  of grass .  
sloges and th-s :nore tox ic  a rcas  f o r  lone t e r n  e ros ion  control .  
recl?.:>.t,icyl c.nd rcveCetnLion work i s  prescnLed i n  Tablc 11. 

Eecause of t h e  tinny unknowns that  might be encounter& i.n 

, 

a 
\ 

' ):ere revcgctnted. 
\ 

\ ' 

The most upto-date technology vias uscd i n  t h e  revcgctat ion program. 

tiydrosceding w x i  used i n  d i f f i -  
Trees were plantcd cn t h c  s t e e p r  

A. suim;a.ry of the 
fi 



A conplctc aiialysis of the  vniL cos t  f o r  r c v q c t s t i o n  wcis 1i!3d~ and i s  prcscn'icd i n  
Table ,111. 
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T h i s  rcclccintion work was conpletcd, except f o r  revegutation, i n  t h e  f a l l  of 1557, 
thus  a l i d l c  o a r  a y e z r ' s  data a r e  a v a i h b l c  f o r  evaluating the  cffoctivencss of 
the cont ro l  mcasures. 

As noted e a r l i e r ,  a snall. i s o l a t e d  mine was c o x p l e t e b  a i r  sealed. 
co:nbination of underground and surface operations. Two seaiils had been surface rr;incd 
(78 ac res )  t h e  scam i n  which the  underground rninc was located and t h e  seaiii above the 
deep n i n e .  
only a few acres ,  as the n ine  vas never dcvclopsd. 

The surface mines were regraded t o  f a c i l i t a t e  rapid ronoff. 
was used on the  upper a reas  and a contour b a c k f i l l  on the lower. 
p o r t a l s  i n t o  t h e  underground mine. 
o p n i n g  and a W e t 1 1  s e a l  was i n s t a l l e d  in the  second opening t o  ollorr water t o  dis- 
charge. 

Table I V  shows the a i r  q u a l i t y  within t h e  mine and the  qua l i t y  of the  discharge. 
Within two months a f t e r  t h e  mine had been sealed,  t h e  oxygen content of t h e  iidne 
atnosphere had been reduced t o  9.1 percent. Since t h a t  t h e ,  the  oxygen content 
has varied betwscn 7.0 and 10.6 percent, indicating t h a t  a i r  has access t o  the nine. 
The prescnce of o.vgen in  t h e  mine m y  be due t o  mover~ent of a5r through t h e  over- 
burden as a r e s u l t  of baronietic changes. 

The a c i d i t y  concentration of the  discharge decreased t o  a value l e s s  than a n i  obta,ined 
i n  t h e  1;4 months of prc-construction rnonitoring i n  l e s s  than a month a f t e r  sca l ing  
was conpleied. 
t he  highest  post-sealing value has been 388 r ~ / l .  Over the  long-tern, t he  ac id i ty  
is cxpccted t o  continue t o  decrease,  but a t  a m c h  s lover  r a t e  than the i n i t i a l  
decrease. 
m d l  in llovezber 1967. 
s m l l e r  decrease has  also been observed by I,loebs.(.4) No explanation fo r  t h e  i n i t i a l  
decrease hcs been devc lopd ;  however, it would not ap?car t o  be due t o  the  reduction 
of t h e  owgen content wi th in  t h e  mine beckuse the  ac id  being discharged a t  any given 
time is an indic::tion of t h e  Fyrii ie oxidation a t  s o m  previous time. Thus, a l a g  
occurs b-txeen the time t h e  or ida t ion  r a t e  of py r i t c  i s  reduced ar.d the time t h i s  
reduced r a t e  w i l l  be noted i n  the  discharge. 
t he  o q g e n  content was just b e ~ i n n i n ~  t o  decrease and no l a g  period had occurred. 
S h w s t e  and S ~ i t l i ( 5 )  fouxi t h i s  lag t o  bc scvera l  months. The long-term decrease 
in e c i d i t y  i s  prsbably cn ind icn t ion  of reduced oxidation of py r i t e .  

The t o t a l  i ron  contenL of  t h e  discharge hss dccrensed very l i t t l e ,  i f  any. 
irately 70 percent af t h e  i r o n  before sca l ing  w a  i n  the  f e r r i c  form and a f t e r  a 
year t h e  fe r rous  coztcnt has not increased, ind ica t ing  t h a t  su f f i c i en t  oxygen :is 
ava i l ab le  within the  rha  t o  oxidizc t h e  fe r rous  i r o n  rcsu1tir.g fro:.! py r i t e  oxidation. 
A t  t h e  l o v  pH's occurrjng i n  the  disc!xir,te, f e r r i c  i ron  i s  highly soluble, thereforc,  
t he  opportunity fo r  the  i r o n  t o  p rec ip i t a t e  Kithjn the  ildnc is sinall. 

The su l r z t c ,  a proclact of pyrj.t.e oxidntior,, has dccreascd s ince  t h e  r?inc w a s  secl-ed. 

This mine was a 

The s i z e  of t h e  underground );line i s  unknGm, but it i s  estimated t o  covcr 

k pasture typc backf i l l  
There were two 

One portal was sealed by packin:: clay i n t o  t'nc 

The lowest a c i d i t y  value during pre-construction was 438 rn&, while 

For exmple, t h e  acidity in Noveinber 1968 was 247 II-& compared t o  368 
A sh i la r  l a rge  i n i t i a l  decrease i n  a c i d i t y  followed by a 

During the  pcr'iod of i n i t i a l  decrease 

kpprox- 
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In  mny zonths the suLrzte c m t e n t  w x  l e s s  thar. tne ri.ninu?! concentration observed 
before sea1ir.g. 
of pyr i te  oxidation has decreased. 

I n  sumdry,  the da ta  f r o r  t h i s  rLne seal indic?.tc-that soce r s d x t i o n  in pyr i te  
oxidation may be occurring, ho*zver, t he  m t e r  qLality i s  s t i l l  extreri!c:ly poor. 

Although the  major mine in the  project area ES not corp le te ly  sealed against  a i r  
the  discharges from the  11 "wet'! sea ls  i n  t h a t  mine a re  still belng monitorzd. Ten 
of these  discharges havc shown no s ign i f i can t  chmges i n  watxr qua l i ty .  
has shown inprove;;.ent as given i n  Table  V .  
portal .  
however, t he re  i s  a loca l ized  d i p  in t h e  coa l  and the  drainage from a snall a rea  drains 
aut the  portal .  

The pH of t h i s  n ine  s e a l  discharge has increased, reaching as high as 6.4 in September. 
The ac id i ty ,  t o t a l  iron, and s u l f a t e  concentration show soze decreasing trends.  No 
air  sanples have been co l lec ted  f ron  the  nine,  therefore ,  da ta  a r e  not ava i lab le  t o  
determine i f  the  oxygen content has decreased. It was o r ig ina l ly  f e l t  t h a t  t h i s  
portion of the  mine was not a i r  sealed since the re  a r e  m y  h o r n  holes into the  
mine. 
is i so l a t ed  from the  mjor mines and thus a i r  sealed.  
to check t h i s  prezrisc. 

This reduction i n  sulfaLe m y  be m o t h i r  ind ica t ion  t h a t  the  r a t e  

The eleventh 
This I1wet"  s c a l  i s  loca ted  i n  a mine 

In general, t he  nine drainage i n  t h i s  a rea  i s  ai\ajr froffi t he  mine portal; 

However, there  is  a chance t h a t  due t o  subsidence within t h e  mine t h i s  sec t ion  
A i r  samples a r e  t o  be co l lec ted  

Table I1 
Beclanation Work Performed 

Reclamat ion 

Land disturbed 
Surface mines reclaimed 
Backfil l ,  t o t a l  
Backfil l ,  compacted 
Subsidence holes f i l l e d  
Mine s e a l ,  d ry  
U n e  s e a l ,  wet 
Mine seal, c lay  
Mine sea l ,  other 

710 acres  
12.5 miles 
3,600,000 cubic yards 
61,269 cubic yards 
450 
43 
12 
41 
5 '  

Revegetation 

To ta l  
Crass only 
Hydroseed only 
Trees only 
Hydroseed grass and t r e e s  
Grass a ? d  t r e e s  

710 acres  
322 acres  
16 ac re s  
57 ac res  

-195 acres  
120 acres  
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SURFACE HINB RECLAMATION 

The effect iveness  of sur face  trine reclamation on water qual i ty  was evaluated by collec- 
ting s m p l e s  of runoff during wet periods and by nonilorin:: t h e  streams t o  which t h e  
surface mines discharge. 

S i t e  RT 8F-1. 
49 acres  of surface mincs. 
opening has been sealed.  
s i n c e  the  reclamation was completed. 
has been l e s s  than the  average f o r  t h e  pre-reclmation period, and during f i v e  months 
t h e  a c i d i t y  l e v e l  was l e s s  than  the rinirmm value obtained prior t o  reclamation. 

The pli has been grea te r  during post-reclamation and the s u l f a t e  has a decreasing trend. 
In general ,  t h e  ha t e r  shows improvement, however, it has not recovered t o  its na tura l  
state. 
September 1968 was discharging 38 pounds per  day, a decreaso of 35 percent. The high 
a c i d i t y  i n  Decenber 1967 was due t o  a flushing of  mater ia l  from t h e  underground mine. 

S i t e  RT p-2. 
160 acres  of surface mines. One underground mine discharge is i n  the watershed, 
however, its contribution o f  mine drainage is rtunor. The data col lected f o r  the 
watershed a r e  presented in Table V I I .  The a c i d i t y  since reclamation has been l e s s  
than  t h e  mean concentration during pre-reclamation. Even during the dry  months of 
July,  August, and September when t h e  concentration is t h e  grea tes t ,  t h e  water had a 
lower a c i d i t y  than t h e  mean during pre-reclamation. The s u l f a t e  concentration with 
the k e p t i o n  of two months, has been l e s s  than t h e  average f o r  pre-reclamation. 
pH has been somewhat higher,  while t h e  t o t a l  i ron  concentration shows only marginal 
-ement. 
I s  given i n  Table VIII. 

S i t e  RT 9-23. 
256 acres  of surface mines. 
area. 
reclamation than the  mean value before reclamation, except during September 1968 f o r  
a c i d i t y  and August and September f o r  s u l f a t e .  
during a very low f low period and it is questionable i f  the  a c i d i t y  was due t o  surface 
mines. The pH was grea ter  than  the  pre-reclamation value in all but one month, again 
t h e  low flow period. A comparison of t h e  loads for October before and a f t e r  reclama- 
t i o n  is presented in Table X. 

S i t e  RT &20. 
45 acres  of surface mines. 
watershed. 

Six areas  were i s o l a t e d  and evaluated. 

T h i s  smpling poilit was used t o  masure  t h e  c f f e c t  of r ec l amt ion ’on  
One underground nine discharge rei,x?iins i n  t h e  area.  

As seen i n  Table V I ,  t h e  ac id i ty  has varied considerably 
The 

klith the  exception of December 1967, the  ac id i ty  

This area was discharging 59 pounds per day of a c i d  in September 1966 and in 

This sampling point  was used t o  measure t h e  e f f e c t  of reclamation on 

The 

The ac id  load during t h e  project  from t h i s  area for the  month of October 
The data show a decrease in load after reclamation. 

This sampling point  was used t o  measure t h e  e f f e c t  of reclamation of 
One minor underground mine discharge is located in the  

A s  seen i n  Table IX, t h e  a c i d i t y  and s u l f a t e  concentration has been less a f t e r  

These high concentrations occurred 

A reduction i n  the  acid load can be noted. 

This sampling point  was used t o  measure t h e  e f f e c t  of reclamation on 
Two large underground mine discharges a re  located in t h e  

I n  Table X I ,  t h e  da ta  col lected a t  t h i s  site a r e  reported. 

These data  indicate  t h a t  t h e r e  has been no iuprovement i n  t h e  water; if anything, t h e  
uatcr is  worse. Upon inves t iga t ing  t h e  source of the a c i d  pol lut ion,  it uas found 
t h a t  before reclarnation 24 t o  50 percent o f  the  a c i d  load was from the  underground 
mines. 
percent of t h e  ac id  load. It a?pears, therefore ,  t h a t  some benef i t s  have occurred 
f r o n  surface mine reclamation. 

S i t e  RT 621. 
of surface mines were reclaimed. Two major underground nine discharges are located 
in t h e  watershed. 
mining and a large port ion of t h e  runoff and the  discharge f r o 3  an underground mine 
were diver ted i n t o  another underground mine. During r e c l a m t i o n  the  stream chrumel 
was reestabl ished,  therefore ,  more water should be passing Sample S i t e  HT 621, how- 
ever ,  to date  t h i s  has not occurred. I n  Tstble XI, the data  col lectcd at t h i s  s i t e  

After sur f ice  mine r e c l a m t i o n ,  the  underground mines a r e  contributing 75 

This site i s  located at the  mouth of K i t t l e  Run. A t o t a l  of U+O acres  

The streambed of K i t t l e  Run was conpletely destroyed during surface 
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Table IV 

- Effectiveness of I 5 n e  Scal  - /:rea 2+ 

I Oxygene Acidity (Hot) \h 
With in  Him, ' CaCO3, Iron, Sulfate, 

% rg/l PH I& nE/1 - 

1 After Scalinz 
Oct. 67 
f!ov. 67 
Dec. 67 
Jan. 68 
Feb. 66 

'\ %rch 68 
April. 68 

\ 1;ay 68 
JW~C 6C 

1 July 60" 
'\ hug. 613 

Sept. 63 
Oct. cs 
L o - J .  ca 

- 
9.1  - 
7.e - 
E . 8  

10.8 

7.0 
- 
- - 
7.2 
7.6 

363 3.1 
3 65 3 *2 
325 3.2 
3 15 3.1 
328 3 -2  
332 3.2 '  
277 3.3 
341t 3.3 
3e2 3 .o 
3 Yt 3 - 2  
313 3 -2  
3 63 3 -0 
27 Y 3 -2  
247 3 -2  

86 83 5 
83 7'70 
87 7G5 
75 65 5 
69 700 
77 703 
60 625 
64 620 
81 860 
73 780 
70 665 
71t 6CO 
74 63 0 
76 660 
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Tablc v 

After Spal ing  

O c t .  67 
NOV. 67 
Dec. 67 
Jan. 68 
Feb. 68 
March 68 
Apr i l  60 

June 68 
J u l y  68 
Aug. 68 
Sept. 68 
Oct. Gt, 
Nov. 68 

May 68 

20 
7 
40 
31 
28 
20 
8 
12 
0 
21 
0 
17 
4 
0 

3.9 
3.9 
4.0 
3.9 
3.9 
4.2 
4.7 
5.2 
5.2 
4.2 
6.1 
6.4 

5.8 
5.0 

0.3 
0.7 
0.G 
0.5 
0.3 
1.5 
0.5 
0.2 
2.5 
0.8 
2.0 
0.9 
0.6 
0.7 

a. 
b. 14edian value 
c. Maximum value 

Mean of 25 smplcs  co l l ec t ed  between March 1965 and l!.!ovenber 1966 

Table V I  

- J  Effec t  o f  Surface I4ine Reclamation i n  Vatershed RT 8F-1 
Acidi ty7Kt)  I r o i i -  

CaCO Total Sulfate 
.Gb3 pH m g l l  W l l -  , 

1 

--. Before Reclama.. (I4ean) 199 3.0" 19 290 
Minimum Value 73 3.4b 4 140 

After Reclamation 

Oct. 67 
NSV. 67 
Dec. 67 
Jan. 68 
Feb. 68 
March 69 
Apr i l  68 
Flay 68 
June 68 
J u l y  63 
hug. 68 
Scpt. 68 
Oct. <a 
~ o v .  68 

107 
145, 
921 
38 
111 
95 
54 
71 
83 
27 
135 
89 
55 
37 

3.4 
3.4 
3.4 
4.8 
3.5 
3.3 
3.9 
3.8 
3.6 
4.1 
3.5 
3.5 
3.7 
4.1 

a. I b d i o n  wilue 

c.  
b. I . ; C X ~ ~ U ~  \*aluc 

A fluch o f  mine drainage from the  deep mine occurrcd 

28 
19 
20 
6 
14 
17 
8 
14 
12 
0.8 
13 
10 
8 
3 

220 
220 
215 
78 
180 
190 
u2 I 

140 
185 
193 
175 
150 
155 
135 

/' 

I 

I /  
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A f  t rr  Rccl.r;;x~J~o; 

Oct. 67 
NOV. 67 
D ~ C .  67 
J a n .  68 
Feb. 68 
March 68 
A p r i l  68 
Kay 68 
June 68 
J u l y  65 
P.UE. 68 
Sept. 69 
O c t .  68 
N ~ v .  68 

a. Mcdian value 
b. Kaximum value 
c .  March 1964 t o  Scptcmbcr 1967 

73 
63 
69 
74 

11 1 
95 
56 
62 
73 

125 
105 
141 
74 
49 

3 4  
4.3 

3.6 
3.6 
3.8 
3.7 
3.7 
3.7 
3.9 
3.9 

3.5 
3.5 
3.4 
3.6 
3.7 

3.8 

5.2 
1.3  

4 -9 
5.4 
5.4 
3.2 
7.4 
5.5 
1.9 
2.5 
2.6 
4.3 
3.4 
4.5 
4.1 
2.5 

313 
48 

180 
175 
195 
220 
360 
220 
135 
135 
225 
210 
223 
33s 
240 
193 

T a b l e  VI11 

Be f orc R.c? 1m.n t s  -- 
O c t .  65 
O c t .  Gc 

A f  t c r  h?c:l.ar:.:ltl on --.._ .- 

Oct. 67 
Oct. 68 

0.226 241 293 
0.835 212 2,165 

0.67 73 263 
0.111 74 56 

1.h3 
2.63 

3-33 
4.04 
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Table I X  
Effect of Surf:>cp h l i w  Rccl~mit ion i n  ; ; t tcrshcd iiT 9-23 -----____- - . ~  

Iron 
Total S u l f a t r  

Acidity (Hot) 
CaCO. 

3 
WfL- pH m i d 1  rndl 

313 
Minimum Value 79 4.5 1.3 48 

a 
Before Reclamition (Mean) 178 3.3b 5.5 

After Reclamation 

Oct. 67 
Nov. 67 
Dee. 67 
Jan. 68 
Feb. 68 
March 68 
Apr i l  68 
Kay 68 
June 68 
J u l y  68 
Aug. 68 
Sept. 68 
Oct. 68 
Nov. 68 

40 
26 
34 
38 
43 
49 
25 
22 
35 

116 
12'7 
446 
87 
44 

4.1 
4 .1  
4.0 
4.0 
4.0 
4.0 
4.1 
4.3 
4.0 
3.6 
3.5 
3.2 
3.6 
3.9 

1.5 
2.3 
5.0 
3.1 
3.4 
4.7 
1.2 
1.1 
0.7 
6.6 ' 

11.4 
15.9 
8.8 
2.9 

47 
44 
62 
57 
54 
68 
36 
57 
37 
19 
450 
349 
205 
119 

a. Median value 
b. Maximum value 
c. March 1946 to  September 1967 

Table X 
Pollution Load from Area RT 9-23 

Acidity (Hd) 
Flow CaC03 Acid Rainfall  
c f s  mgll lb  s/day Inches 

Before Reclamation 

Oct. 64 
Oct. 65 
Oct. 66 

After  Reclmation 

oct.  67 
O C ~ .  68 

0.7 191 720 2.00 
0.4 233 502 1.43 
4.7 87 2,203 2.63 

6.2 4 0  1,336 3.33 
1.22 87 . 572 4.04 
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Table X1 

Effect  of Surface Line Reclmat ion  i n  blatcrshed I t i  6-20 --- - 
F i r s t  Ldcven lronths 
After Rcclarxition Be f o x  Reclarnat ion 

pll (irodian) 2.7 2.9 
Acidity , rr.g/l , CaC03 487 550 
Tota l  I ron,  n . g / l  91 13 0 
Sulfa te ,  ri,g/l 616 63 0 

~~ 

Table X I 1  
Effect of Surface Xinc ReclarAtion i n  Watershed RT 6-21 

F i r s t  Eleven Konths 
After  I k  r hiiunation -- Before Reclamit i o n  

pY (nedian) 
Acidity , %/I-, CaC03 
Tota l  I ron,  q/l 
S u l f a t e  , m.& 
Flor,  cfs  

2.5 
1,554 

3 28 
1,768 

0.628 

2.8 
1,107 

3 1.0 
1,100 

0.58 

Table XIII 
Effcct of Surface PBnc Recla:.,aiic!i in \latershed HT 6-19 

\ 

F i r s t  Eleven I.ion%hs 
Fkf orc P.ecI..~.:;.-tti.on After Reclanation 

2.8 
576 
107 
726 

6.l+ 
5 
0.04 
I 2  
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Swcmary - Surface liine Rcciu3stj.oii. 
t i o n  v:as ca;.pletcd and six nonths since these a reas  were revcgetatc'd. 
qua l i t y  i n  ench of t h c  k-atcl-sheds, rihich w-re pollutcd p r i r n r i l y  fro:n surface IlLrlcc, 
has shown imprGVeX.ent. 
poor qua l i t y  and has not rccwrcrcd i t s  nnturn l  condition. 
improvcment in water quality would be slow. 
t h e  bes t  mater ia l  ava i l ab le  on the  surface of the  reclamation a rea ,  thc  s o i l  s t i l l  
had a low pH, high a c i d i t y  and ac id  producing material .  It w i l l  probably require a 
nunbcr of years  f o r  t h c  a c i d  mater ia l s  i n  the  bac!cfills t o  leach out;  and during t h i s  
period the  stream w i l l  recover slowly. The good grass cover cs tab l i shcd  on thc  back- 
f i l l s  w i l l  prevent erosion and the  exposure of more ac id  producing materiel ,  thus t h e  
r a t e  of improvement i n  the  streams should increase during the  co;ning year. 

I n  those a reas  polluted by both underground and surface nine drainage, pollution f r o z  
t h e  underground mines should cons t i t u t e  the  g rea t e r  portion of t he  pollution load as 
t h e  r a t e  of discharge from t h e  surface n ines  diminishes. 

One yc2-r h2.s past  s ixcc  thz surfncc mine reclaKF..- 
The  water 

tlo;;.ever, in a l l  cases, but  H1' '6-19, the water is s t i l l  of very 

' 
It was CXpCC.tCd that thc  

Although cvery e f f o r t  was m d e  t o  place 

Water Diversion. The most d i f f i c u l t  cont ro l  measure t o  evaluate has been water diver- 
sion. 
t o  which t h e  water was d ive r t ed  should increase while tho volume of underground mine 
discharge should decrease.  
F i r s t ,  i n  order t o  comparc a ' 'before" and "a f t e r "  condition, the  hydrologic s i t ua t ion  
must be somewhat similar during t h e  times comparative da ta  a r e  taken; e.g., the rain- 
f a l l  and antecedent moisture conditions. Second, continuous flow measureinents a re  

Following t h e  completion of water diversion pro jec ts ,  t he  flow of the  stream 

A number of f ac to r s  complicate an  ana lys i s  of t h i s  nature.  

also des i r ab le  for  evaluation. 
of Grassy Run and Roaring Creek f o r  t h i s  purpose. 
mine was reclaimed, t hese  s t a t i o n s  l o s t  t h e i r  value. Flow det'errninations were made 
at t h e  remaining sampling s t a t i o n s  only when samples were co l lec ted  (once a week or 

Continuous flow monitoring was es tab l i shed  a t  the mouths 
However, since only ha l f  of t he  

every o ther  week). 

A preliminary evaluation of t h e  runoff frorc the reclaimed areas  indicated t h a t  the  
streanflow has increased and thus  l e s s  water is enter ing  the  miie. 
i n  one watershed, which conta ins  227 acres  of reclaimed surface mines, t he  instenta- 
neous flow at  the  mouth of t h e  stream a f t e r  reclamation has increased severalfold 
over t h e  flow before reclamation f o r  a s imi l a r  p rec ip i t a t ion  occurrence. 
which ca r r i ed  t h i s  stream without problem before reclamation has flooded a number of 
times s ince  reclanation. 
watershcds, which should provide a b e t t e r  proof t h a t  an increase in flow has occurred. 

Underground mine discharges do not r e f l e c t  changes of i n f l o v  imxediately. Dye s tudies  
have shown t h a t  water flowing in one end of the  underground ninc a t  Elkins may take 
seve ra l  months before it discharges.  Thus, t o  determine a reduction in discharge w i l l  
r equi re  an ana lys i s  of both t h e  surface anc! underground flow pa t tc rns .  A preliminary 
review of the  underground mine discharges data revealed t h a t  i n su f f i c i en t  in fomat ion  
was ava i l ab le  t o  draw conclusions as t o  whether water diversion had decreased the  flow. 
h r t h e r  s tud ie s  of t h e  hydrology of t he  a rea  a r e  being conducted t o  determine lag times 
within t h e  mines and develop a water budget. 

For example, 

A culvert  

A de ta i l ed  water balance is being developed f o r  each of t he  

SUIPWRY 

The Fcdcral  Water Pol lu t ion  Control Administration i n  cooperation iL th  other federa l  
agcncies and the  S t a t e  of \Jest Virginia conducted a pro jec t  t o  derzonstrate t he  effec- 
t i veness  of nine sea l ing ,  su r f ace  mine reclanation, and water diversion on the  prevent- 
b g  of ac id  nine drainzge fram coal. nines.  
of t h s c  cont ro l  measures during the  first ycar following the  conpletion of the r c c h -  
mat ion. 

This paper repor t s  on the  effectiveness 

InprovcmenL i n  iratcr q u a l i t y  from r&ne sealjjlg and surface mine r e c h x a t i o n  vas pmdi- 
catcd t o  be a s l o w  process, probably taking severa l  years ,  cliic p a r t l y  t o  the  accmu- 
l a t i o n  of py r i t e  oxidation products within thc  mine t h a t  must be flushed vJt. 
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Ikclaimed surface nines  nusL be stnbl.ized with vcgch t ive  covcr. 

After  ono year the  following conclusions can be drawn: 

(1) A small  rnine sealed asa ins t  air  shows a rcduccd oxyzen contcnt and the watcr 
discharging from the mine S l l O i ~ S  improveicent ; hoiievor, the  water qua l i ty  is 
s t i l l  very poor. I f  the  current  t rend cont.inues water qua l i t y  w i l l  continue 
t o  improve. 

Surface mine reclamation i n  those a rcas  where the  nine drainage was predoxi- 
nant ly  from t h i s  source has improvcd the  water qua l i ty .  
is  improving slowly and the  t rend  is t h a t  it w i l l  continue t o  improve. 

Evaluation of water divers ion a s  a cont ro l  nethod is  d i f f i c u l t .  k prelim- 
inary ana lys i s  ind ica tes  t h a t  streamflow has increased in those a reas  where 
water was diverted from the  underground mine t o  the  s t rean .  Further analyses 
a r e  being made t o  ve r i fy  t h i s  f inding.  
mine discharges is  occurring due t o  water diversion has  not  bee? establ ished.  

(2) 
The water qua l i t y  

(3) 

Whether a reduction i n  underground 
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